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Abstract 
This paper informs about the results of research in the field of hybrid composite structures with GFRP element. The 
first part presents some results of push tests on hybrid composite girders of the “I” shape with reinforced concrete flanges 
and GFRP wall. The concrete dowels and contact surface roughening were used to arrange the connection between concrete 
and GFRP wall. The 3 specimens of composite girders and the 2 comparative concrete girders were tested. The incremental 
short-term bending load tests were performed and compared to FEM analysis on 3D models in ATENA system. Some 
results are presented in the second part of the paper. Sufficient coincidence of the load response between the test results and 
numerical simulations of hybrid girders was recorded. The exceeding of the concrete dowel resistance has been observed 
and it seems to be the main reason of the composite girder bending failure. However, the global resistance of composite 
girder was higher than the comparative RC girders. Higher concrete strength contributed to the global resistance increasing 
due to higher resistance of concrete dowels, which allowed better utilization of GFRP wall bending resistance of hybrid 
structure. 
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1. Introduction 
FRP composites are the subjects of extraordinary attention of researches and also building producers in the 
technical world all the time. Till now, those materials were used for rehabilitation of structural members to 
increase their resistance by means of strengthening. New highly effective and prospective possibilities of 
applying FRP composites could be observed in composite and hybrid structural members and structural 
systems. GFRP (Glass Fibre Reinforced Plastic) profiles seems to be especially more effective from the 
economic point of view. The research activities of Department of Buildings and Bridges were oriented in the 
field of possible applications of GFRP in concrete bridge decks with big spans created by box or plate girders. 
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Alternative of FRP composite application is possibility to use them like cooperating self-contained formwork 
of joists. The primary bending resistance of the profiled FRP cross section of structural member creating the 
formwork enables to minimize number of internal construction supports. Moreover, FRP composite like self-
contained formwork allows decreasing the concrete cover on minimum value just to assure sufficient bond 
between reinforcement and concrete [1]. 
 
The first part of paper presents some results of push tests on hybrid composite girders of the “I” shape with 
reinforced concrete flanges and GFRP wall. The second part of paper present results of structural proof-load 
tests of two comparative RC girders (P1-ZB, P2-ZB) and three RC beams with GFRP walls (GFRP-1, GFRP-2 
and GFRP-3) and their comparison to the calculation results obtained by means of relevant finite element 
models using software ATENA (Atena P1-ZB and Atena GFRP-1). 
2. Push test of hybrid composite girders  
2.1. Description of experiment 
The experimental program was based on the results of numerical simulations carried out in the software 
system Athena-3D. The 3 series of test specimens were developed and tested always 3 ones in each of series. 
The concrete dowels were applied as the connection elements. Dowels led through the perforations in GFRP 
wall as in the case of steel connection belts. The series, labeled as A, B, C, varied only by mutual space 
between the concrete dowels. Spacing of concrete dowels in the series "A" was 90 mm, series "B" 60 mm and a 
series of "C" 45 mm.  
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Fig. 1. The scheme of the half of test specimen of series B (a), the specimen reinforcement (b) and general view of the test C1 (c) 
Depth of embedding of GFRP wall in the concrete flange of 75 mm, concrete dowel diameter of 30 mm, 
and concrete class of C25/30 were based on the results of previous numerical analyzes. The specimens were 
reinforced at the corners by steel rod of  8 mm, transverse reinforcement of  6 mm and added reinforcement 
of  6 mm in the mutual space of 70 mm (see Figure 1). 
 
The short-term incremental tests with unloading were performed in the soft mode (controlled loading). The 
load was gradually increased by increments up to 40% of the expected connection resistance according to the 
relation (4). At this level the cyclic load was applied on the level of 10% to 40% of the estimated resistance (25 
cycles). The test continued by increasing of the load steps up to the ultimate resistance. After the first specimen 
was tested the proposed resistance for the further tests was decreased according to the measured value. The slip 
and slip rate size was recorded in each load step. Measurements were carried out after 1 minute to achieve the 
level of load or after 5 minutes, until the slip was stabilized, if necessary. It was considered that the slip was 
stable if its growth rate falls below 0.01 mm/min. The Fig. 1 presents the test set of the test specimen C-1. 
Measurement of the deformation was carried out using sensors TR 50. 
a) b) c) 
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2.2. Numerical analysis in ATENA 3D 
Numerical simulation of push- test was realized by the software system Athena-3D. The Fig. 2 presents the 
numerical model of B-3 specimen with concrete dowel distance in axial direction of 60 mm and calculated 
strain of GFRP wall. 
 
The load was modeled by linear deformation in the vertical direction acting on the bearing steel plate. GFRP 
wall was modeled as an element with the layers of fibers properties depending on their orientation and their 
percentage of content. 
 
 
Fig. 2. Numerical model of push-test specimen 
Particularly, the size of finite elements around and in the position of concrete dowels has the significant 
effect on the connection resistance obtained numerically. Simulated coupling stiffness is significantly 
influenced by the contact stiffness. 
 
The results of numerical analysis showed very good agreement both in terms of resistance and in terms of 
deformation / slip / between concrete and GFRP wall element. It can be concluded that the connection system 
between concrete flange and GFRP wall could be comparable to the connection system concrete – steel. The 
shear resistance of concrete dowel was the crucial factor of connection failure.  
 
Performed numerical analysis showed the possibility to use above mentioned system of connection between 
concrete flange and the GFRP wall for the next experimental investigation.  
3. Experimental research of resistance of RC beams with GFRP walls 
3.1. Description of experimental program 
In frame of experimental research, three RC girders with GFRP walls (GFRP-1. GFRP-2 and GFRP-3, 
Fig.3a) and two comparative RC girders with concrete walls (P1-ZB a P2–ZB, Fig. 3b) were fabricated and 
tested. 
 
Geometric parameters of observed girders are shown in Fig. 1. Webs of composite girders are created from 
GFRP plated laminates consisting of 40 layers of glass fibres (5 symmetrically arranged textures QGX 1200) 
and polyethylene matrices AROPOL K 530 TE. The whole thickness of the glass laminate is 10,8 mm (+0.3 
mm) and the producer DIPEX with the glass fibres volume of  60% (+2%). RC vertical ribs in the internal parts 
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of the girders are reinforced by 6 mm (distance between reinforced is 75 mm) passing through holes 16 mm 
drilled in the laminate walls. The longitudinal shear force between the concrete flanges and the GFRP walls is 
transmitted by the concrete dowels of 30 mm (distance between concrete dowels is 60 mm). The distance 
between concrete dowels and their diameters were determined by experimental push tests [2]. The bond 
resistance was increased by sand-blasting the GFRP surface in the width of 75 mm, which is in direct contact 
with concrete, together with two-component glue of PCI-Rigamuls S30 Boden. 
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Fig. 3. RC girders with GFRP walls (a) and comparative RC girders (b) 
In the case of comparative RC beams, the GFRP walls were replace by concrete ones having thicknesses of 
50 mm. Concrete walls were reinforced by nets 100x100 mm with reinforcement of  6 mm. The concrete 
quality of individual beams was different due to only one cast up. Compressive cube strength of concrete after 
133 days (in time of static tests realization) achieved value between 37.7 – 54.5 MPa. 
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Fig. 4. Static loading test arrangement 
The static test arrangement, locations of strain gauges (T) and linear sensors (S) are shown in Fig. 4. Due to 
limitation of testing device the three points bending test was used. The initial load level has been represented 
by the testing force, Fz = 5 kN. For the better observation of bending cracks creation the load steps were divided 
into two phases. In the first phase the load steps were chosen by 10 kN up to 50 kN. In the second phase after 
the bending cracks creation, the load steps were chosen by 20 kN. 
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Table 1. Review of obtained static test results 
Designation of 
RC beam 
Concrete 
compressive 
strength            
fc,cube [MPa] 
Testing force 
Fmax [kN] 
Increase of 
bending 
resistance 
Failure mode 
P1-ZB 43.866  300 - Bending 
P2-ZB 37.863 310 - Bending 
GFRP-1 43.117 380 1.27 Failure of shear connection between GFRP walls and RC flanges 
GFRP-2 54.483 390 1.30 Not occurred 
GFRP-3 37.752 340 1.09 Failure of shear connection between GFRP walls and RC flanges 
 
In both phases, the unloading up to initial loading level Fz = 5 kN was used. RC beams were tested up to 
failure or up to maximum force of testing device Fmax = 390 kN. The results review is presented in Table 1. In 
the case of comparative girders P1–ZB, P2–ZB, the failure occurred due to exceeding the tension resistance of 
the girder reinforcement. The failure of the tested composite girders GFRP–1 and GFRP–3 occurred due to 
exceeding shear resistance of the concrete dowels ensuring connection between GFRP walls and RC flanges. 
Girder GFRP – 2 did not collapse because of insufficient loading capacity of the testing device. Its higher 
resistance was caused by the concrete higher quality fc,cube= 54.48 MPa which meant the bending resistance 
increasing and also shear resistance increasing of concrete dowels. 
3.2. Numerical analysis in ATENA 3D 
The corresponding finite element models of tested beams were created by means of software ATENA – 3D. 
Discrete contact between GFRP wall and RC flanges was replaced by the uniformly distributed 3D-contact 
with value obtained by the push tests. 
 
Fig. 5. Finite element model of RC beam with GFRP wall 
The concrete quality was considered by the value of = 43.88 MPa. Numerical calculations show the higher 
bending stiffness compared to experimental results due to not accurate expression of the contact between RC 
flange and GFRP wall. 
 
The limit cracking is not so clear from the experimental results. Numerical models show higher bending 
stiffness than the experimental ones because of not accurate rendering of the contact area between the concrete 
flanges and GFRP wall [2]. 
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Table 2. Review of obtained static test results 
FEM model 
designation 
Concrete 
compressive 
strength  
Experimental 
failure force Fmax 
[kN] 
Numerical failure 
force ATENA - 3D 
FA [kN] 
Fmax/FA 
P1-ZB 43.866  300 276.2 1.086 
GFRP-1 37.863 380 358.1 1.061 
 
 
0
50
100
150
200
250
300
350
400
0 10 20 30 40
Fo
rc
e 
[k
N
]
Deflection in half span [mm]
P1-ZB
GFRP 1
GFRP 2
GFRP 3
         
0
50
100
150
200
250
300
350
400
0 5 10 15 20 25
Fo
rc
e [
kN
]
Deflection in half span [mm]
P1-ZB
GFRP 1
Atena GFRP 1
Atena P1-ZB
 
Fig. 6. The deflection in the middle of the RC beams (a) experiment (b) numerical model 
4. Conclusion remarks 
The first idea in design concept of RC beams with GFRP wall was to minimize the self-weight of RC 
structural members especially in bridges, where it represents the dominant permanent action. Connection 
between both materials was realized by concrete dowels and sand-blasting of GFRP wall surface. Static loading 
test showed that the concrete dowel shear resistance is the decisive failure parameter of bending girders. 
Girders with GFRP wall have been achieved the higher bending resistance as the comparative girder with 
concrete wall in the case of equal bending stiffness. More significant increase of bending resistance was 
monitored in the case of the higher concrete strength. It was caused by the higher shear resistance of concrete 
dowels which enabled to increase contribution of GFRP wall on girder bending resistance. Mesh density of the 
numerical model is very important factor to compare the slip characteristic in connection. Therefore our 
numerical simulation gave the lower values of ultimate load compare to the observed experimental ones. 
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